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Abstract 
Poor heating performance and operating safety in low ambient temperature of Air Source Heat Pump (ASHP) for 
Electric Vehicles (EVs) limits the development of EVs in cold region, because of no engines wash heat to use and 
low efficiency of electric heating. ASHP with refrigerant injection is a potential method to reduce the battery power 
consumption by increasing the heating capacity and operating safety of ASHP system. In this paper, a test bench 
which can be switched between with refrigerant injection ASHP system and traditional ASHP system for EVs aiming 
at cold region is developed. In order to analyze the influence of refrigerant injection porthole shapes to system 
performance, two scroll compressors with different injection portholes are refitted from comment electric compressor. 
The experiment results show that the heating capacity of refrigerant injection system is raised up to 27% than that of 
the traditional system. The bigger area of injection portholes can and make help to increase the heating capacity when 
in-car inlet air temperature is higher. The research will also promote the industrialization and practicability of 
refrigerant injection system and EVs. 
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1. Introduction 
In Electric Vehicles (EVs), the air-conditioning (AC) system, which consumes most energy as an 
auxiliary component, plays a significant role for providing comfortable, safety during driving and energy 
utilization [1]. Different from traditional cars, EVs cannot utilize the waste heat from the internal 
combustion engines to heat car chamber in winter. Beside the demand of light, small, and anti-shake and 
various loads are characteristics differing to buildings or household ACs. Moreover, based on the demand 
of moisture condensation control on the window screen of EVs, big ratio of fresh air supply, even all fresh 
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air, is needed.  
The most common methods are employing Positive Temperature Coefficient (PTC) electrical heater 
and heat pump system. Researches showed that heating by electricity alone would decrease driving range 
up to 50% [2]. The heating performance of traditional heat pump (HP) would sharply decline in low 
ambient temperature. Development and application of air source heat pump (ASHP) for heating in winter, 
particularly in low ambient temperature, is necessary for industrialization and practicability for EVs. 
ASHP with refrigerant injection is an effective method to raise the heat capacity, by increasing 
refrigerant mass flow rate of compressor discharge and decreasing the refrigerant enthalpy of evaporator 
inlet. In building and household AC system, studies about refrigerant injection attract more attentions [3, 
4]. Researches all showed that the refrigerant injection will improve the heating performance of HP 
system in cold region. Differing to buildings and household, big ratio of fresh air supply, in AC system for 
EVs, means the in-car inlet air temperature is very low, even less than -20ć. It is rare in buildings or 
household ACs, and little research has been presented the operation condition of this operation condition. 
Moreover, even though scroll compressors with vapor injection are industrialized in household AC, it is 
still hard to be developed and applied in EVs due to small size and compact structure. 
Aiming at the cold region, an ASHP system for EVs with refrigerant injection and test bench has been 
built to investigate the performance in the present work. For studying the influence of injection portholes 
shape in compressor work chamber, based on the injection process research [5], two scroll compressors 
with different injection portholes are designed and machined to analyze the heat and injection 
performances at -20ć ambient temperature. 
2. Experimental Setup and Procedure 
2.1. Experimental Setup and experiment parameters 
A test bench of ASHP for EVs has been built to investigate the heat and injection performance on the 
HP system. Fig.1illustrates the schematic diagram of test system. 
TV2
Comp.TV 1
V1
 
In-car 
Cond.
Electrical 
Heater
EXV3
In-car 
Evap.
EXV1
V2
Heat 
Exchanger EXV2 One-way Valve
M1
$)
M2
$7
12
3
5
67
8
9
10
11
Liquid-vapor 
Separator
Out-car heat 
exchanger
Fun
1 Refrigeration Temperature & Pressure
$7 Air Temperature AF2 Air Speed
M1 Refrigeration Mass Flow Rate
$)
$7
 Out-car 
air inlet
In-car air 
inlet
Supply air
 
  
(a) Single-porthole (b) Three-porthole 
Fig.1. Schematic diagram of ASHP Fig.2. Scroll compressor with two types injection point 
The in-car heat exchangers (in-car condenser and in-car evaporator) and outdoor exchanger are placed 
in two air ducts, which located in two chambers with different set conditions respectively. The refrigerant 
used in the system is R134a. 
The operation performances of system are tested at -20ć to imitate the cold winter condition. The 
measurement points and test parameters are shown in Fig.1.  
The inlet air parameters of two ducts and compressor speed are set. The face velocity of outdoor heat 
exchanger is around 3.5m/s. The speeds of inverter scroll compressor can be set from 4000r/min to 
8500r/min. The in-car inlet air temperatures in the test are varied from -20oC to 0oC, as different ratio of 
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fresh air. 
2.2. Refitting of scroll compressor with refrigerant injection  
For studying the influence of injection portholes shape in compressor work chamber, two scroll 
compressors with different injection portholes are designed and machined. The injection portholes are 
coupled located at same station in two asymmetric compressor working chamber, and covered by 
dynamic disk walls when suction chamber closed. The diagrams of the two type injection portholes are 
shown in Fig.2. One is single porthole (SP), and another is an abnormity porthole with three interlinked 
portholes (TP).Various shapes make the area of refrigerant injection porthole are different, and the area of 
latter is 2.77 times of the former. Otherwise, the angle degree range of refrigerant injection process is 
slightly expanded in the latter one. The two injection scroll compressors are refitting from two same type 
traditional electric scroll compressor used in EVs, whose suction volume is 27cc.  
3. Experimental results and discussion 
The heating performances of two scroll compressors with injection porthole (SP injection system and 
TP injection system) are test in the experimental bench, and the other parts of the HP system are same. A 
common scroll compressor without refitted is test without refrigerant injection (value V2 closed) as 
contrast experiment (no-injection system).The experimental results of two injection scroll compressors 
are shown in Fig.3,comparing with no-injection system respectively. 
In Fig.3, charts in left line (a, c, e) are the experimental results comparison of SP injection with 
no-injection system, and the right (b, d, f) are about TP injection and no-injection system. 
Supply air temperatures are shown in Fig.3 (a) and (b). It shows that the injection system can raise 
supply air temperature no matter it is SP injection or TP injection. The rising range of TP injection system 
are higher than that of SP injection system when in-car inlet air temperature is higher than -10ć.  
Fig.3 (c) and (d) are the heating capacity of the these two injection systems comparing with the 
no-injection system, calculated from the air temperature difference and mass flow rate of the in-car 
supply air. The results show that refrigerant injection can increase heating capacity of HP system 
obviously. Raising in-car inlet air temperature can increase heating capacity of refrigerant injection, while 
it will decrease the heating capacity of no-injection system by enlarging the pressure difference between 
condenser and evaporator. On SP system, although the increasing ratios of heating capacity comparing 
with no-injection system are widened, the heat capacities are less increasing when in-car inlet air 
temperature is higher than -10ć. Different from SP system, the heating capacities of TP system 
continually increases following the rising of in-car inlet air temperature, which make the heating capacity 
of this system higher than that of the SP system when in-car inlet air temperature higher.  
Coefficients of Performance (COP) of HP system are shown in Fig.3 (e) and (f). Following the rising 
of in-car inlet air temperature and compressor speeds, COP of the three systems are all reduced because of 
the enlarging of temperature difference between condenser and evaporator. Furthermore, refrigerant 
injection will reduce the system COP no matter which kinds of injection portholes applied. 
In order to analyze the difference between SP and TP, Fig.4 compares the heat performance of the two 
refrigerant injection systems and no-injection system at -20ć (Fig.4 a) and 0ć (Fig.4 b) in-car inlet air 
temperature, which are considered as typical conditions. 
At -20ć in-car inlet air temperature, the heating performance of SP and TP injection system are 
similar, the heating capacity of the two systems are increased 5.6% and 6.2% respectively. Those in 0ć 
in-car inlet air temperature are enlarged to 21.4% and 28.6%. The effect of refrigerant injection will be 
augmented with the rising of the in-car inlet air temperature, and impact of the TP injection is more 
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outstanding than that of the SP injection system.  
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(e)(f) 
Fig.3. Heat performance of ASHP with two compressors 
The COPs under temperature difference between condenser and evaporator at typical conditions of the 
three systems are shown in Fig.5.  
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Fig.4. Heat performance comparison of two compressors 
As Fig.5 shown, when temperature difference between the two heat exchangers is lower than 50ć, the 
COPs of refrigerant injection system are reduced, due to the small pressure ratio of condenser and 
evaporator. As the enlarging of the temperature difference, the effect of refrigerant injection turns to be 
positive. Whatever the temperature difference is, the COP of TP is higher than that of SP system. 
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Fig.5. COP under temperature difference between condenser 
and evaporator 
Fig.6. Injection ratio of two compressors 
Injection ratio is employed to analyze the influence of two injection compressors to refrigerant 
injection, which is calculated though refrigerant injection mass flow rate divided by compressor discharge 
mass flow rate. When in-car inlet air temperature is -20ć, although the injection porthole area of TP 
system is much larger than that of SP system, its injection ratio is less than the SP one. Nonetheless, the 
refrigerant vapor injection in TP system is higher, which will increase heating capacity. Vapor injection 
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can raise the resistance of injection process, which causing injection ratio of TP system is lesser. 
Moreover, in that case, pressure ratio of condenser and evaporator is small, the pressure difference 
between injection pressure and compressor working chamber is minor, and the injection ratio is small and 
volatile. Along with the rising of in-car inlet air temperature, the injection ratio of TP system is 
augmented obviously, and reached 35% at 0ć, 8500 r/min, while the augment rang of SP system is much 
smaller, just from 25% to 32%, 8500 r/min. Higher in-car inlet air temperature can raise the injection 
pressure and is benefit to build the pressure difference of injection. Larger air of injection porthole and 
injection angle degree rang can improve the refrigerant injection.  
4. Conclusion 
Aiming at the cold region, an ASHP system for EVs with refrigerant injection and test bench has been 
built to investigate the performance in the present work. For studying the influence of injection portholes 
shape in compressor work chamber, two scroll compressors with different injection portholes (SP and TP) 
are designed and machined to analyze the heat and injection performances at -20ć ambient temperature. 
The research proved refrigerant injection can improve the heating capacity especially when 
temperature difference between condenser and evaporator higher than 55ć. Experiment results show that 
when in-car inlet air temperature higher than -10ć, and TP system owns better performance than SP 
system. 
The development of ASHP and the research results will also promote the development and application 
of refrigerant injection in EVs. 
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